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A Multistep Cell-free Protein Expression and Detection 
Assay on Microdroplet Arrays 
 
Louise L. Busk, Martin Dufva 
Microdroplet arrays (MDAs) are used for 
compartmentalization of biochemical reactions. One 
application is single molecule ELISA, detecting 
biomarkers in sub-femtomolar concentrations.1,2 Due to 
the need to seal the droplets to prevent evaporation, 
only single step reactions are commonly performed. 
Here we perform cell-free protein expression, binding, 
and detection on a droplet array, requiring two 
compartmentalization steps. 
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The MDA supporting glass slide is prepared 
in the cleanroom. Fig. 1 shows the 
fabrication steps. The hydrophobic FDTS 
coating sur-rounding the hydrophilic SiO2 
spots allow spontaneous formation of 
droplets. Microfluidic channels (COC 
polymer) are tape bonded to the glass slide 
 
Fig. 1 Cleanroom process for the fabrication of MDAs. Glass 
patterned with photoresist is treated with FDTS using 
molecular vapour deposition. 
Cell-free expression 
system (IVTT-mix) 
IVTT mix in droplets 
Expression and binding 
Rinse 
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Rinse 
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The cell-free protein expression reaction 
steps are shown in Fig. 2. Two annealed, 
complimentary DNA oligo-nucleotides        
served as template. The structure and 
subunits of the template is shown below. 
 
Fig. 2 Protein expression in droplets followed by binding and 
detection by antibody-HRP conjugates. Incubation in droplets 
with HRP substrate produce fluorescence (dark droplets) in 
droplets containing the target. 
Fig.3 A) Bright-field micrograph of 
droplets after protein expression. B) 
Background binding of antibody-HRP 
conjugate in the absence of target. C) 
Peptide expression with 0.1 template 
copies per droplet. D) Peptide expression 
with 1 template copy per droplet. Scale 
bar is 20 μm.  
λtarget λnon-target % exp. % Theoret. 
B 0 10 1.1% 0 % 
C 0.01 10 0.9% 1 % 
D 1 10 29% 63 % 
Tab. 1 The percentage of fluorescing 
droplets (n=4000) counted from 
micrographs (fig.3 B-D) and the 
theoretical template copy number per 
droplet, λ. Background has been 
subtracted from C and D. 
Fig. 3 shows bright-field and fluorescence 
micrographs after expression and detection. The 
percentage of the measured droplets which 
fluoresced were recorded (see Tab. 1) and compared 
to the theoretical copy number.  
Comparing our results to the theoretical number of droplets containing a target (Poisson 
statistics), fewer droplets fluoresced than expected. Some explanations include: 
 
Efficiency of oligo synthesis is not 100% 
Efficiency of annealing is not 100% 
 
Conclusively, we have demonstrated a two-step reaction, and considering the known errors, it 
can be concluded that the efficiency of the expression of proteins was good. 
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